Apple scab, caused by Venturia inaequalis (Cke.) Wint., is a destructive fungal disease of 10 major apple cultivars worldwide, most of which are moderately to highly susceptible. Thus, 11 development of scab resistant cultivars is one of the highest priorities of apple breeding 12 programs. The principal source of resistance for breeding programs has been the scab 13 resistance gene Rvi6 that originated from the Japanese crabapple Malus floribunda (Sieb.) sel. 14 821. Isolates of V. inaequalis able to overcome Rvi6 have been identified in Europe, but have 15 not yet been reported on the American continents. We recently discovered scab infection on 16
Materials and methods 1
Field assessment of apple scab symptoms 2 In June 2019, apple scab infection was observed on approximately 20-year old trees of M. 3 floribunda 821 and scab resistant apple cultivars 'Prima' and 'Nova Easygro' grown in the 4 research orchard Darrow Farm (Geneva, USA). In addition, this orchard has 'Gala', 5 'Macintosh', 'Golden Delicious', 'Florina', and four PRI cultivars. The trees were present in 6 four replications that were distributed randomly across the entire orchard space. The orchard 7 was maintained without any fungicide spray since 2017 ( Table 2 ). 8 9 Apple scab incidence was assessed using the 0-9 grade scale of Lateur and Populer (1994) completely affected with (nearly) all the leaves badly infected by multiple lesions (>90%). 16 Reaction type was determined according to the scale used by the PRI breeding program 17 (Crosby et al. 1990 ) as follows: 0 -no symptom, 1 -pin point pits, 2 -irregular chlorotic or 18 necrotic lesions, 3 -few restricted sporulation (M) mixture of necrotic and chlorotic and 19 sparsely sporulating lesions, or 4 -abundant sporulation. 20 21 8
Sample collection 1
Scab infected leaves were collected from M. floribunda 821 and 'Nova Easygro' trees located 2 in Darrow Farm (Geneva, New York) ( Table 2 ). The fungus was isolated by sticking infected 3 leaves to the inner top side of Petri dishes containing 1.2% water agar. The dishes were sealed 4 and incubated overnight to let the spores fall on the agar and germinate. Germinating spores 5
were observed under microscope and were carefully placed to new PDA plates under laminar 6 flow to avoid the transfer of any contaminant. One scab isolate ('VI-1797-9') shared by H. 7
Aldwinckle, Cornell University, Geneva, NY collected from host 4 (unspecified) in Ohio, 8
USA (Schnabel et al. 1999 ) was also included. The well-characterized reference V. inaequalis 9 isolates of European origin EU_B05 and EU_NL24 (Caffier et al. 2015) were obtained from 10 INRA, France. 11
12

Artificial inoculation of the Vf resistant commercial cultivar 'Macfree' 13
One year-old grafted plants of the Rvi6 scab resistant 'Macfree' were inoculated with the V. cut, placed into a beaker containing distilled water and 0,5 µl/ml Tween 20, and shaken for 20 17 minutes. The suspension was filtered and the concentration was estimated by a 18 hemocytometer, and set to at least 3×10⁴ conidia/ml by a centrifuge. 19 20 Four 'Macfree' scions were grafted on 'M9' rootstocks and maintained in a greenhouse under 21 controlled conditions. Before inoculation, grafted plants were pruned to acquire new growth 22 and young leaves. The spore inoculum was used to spray the first 4-6 actively growing intact 23 leaves from the top. The inoculated plants were held in a moist chamber under 18 °C and 12h 24 9 photoperiod. To maintain 100% humidity, the sprayed leaves were covered first by wet paper 1 towels, and then by resealable plastic bags. The incubated shoot part was tagged by marking 2 the shoots below the bags to ease future evaluation. After 48 hours of incubation, the bags 3 were removed, and the plants were further maintained under low light, 18 °C temperature, and 4 70% humidity with no irrigation for 2-3 weeks (Peil et al. 2018 ). Similar to the field 5 assessment, reaction types that were used by the PRI program (Crosby, 1990 ) were 6 determined. Light microscopy was used to evaluate the intensity of sporulation on the leaves. 7
Spores from the infected leaves were suspended in a minimal amount of water and their 8 morphology was observed under microscope to confirm the identity of V. inaequalis. Images 9
were taken using Toupview software with a digital camera for microscope (OMAX, 10
Gyeonggi-do, South Korea) for demonstration. 11
12
DNA extraction and genome sequencing of V. inaequalis isolates 13
DNA was extracted from 8 V. inaequalis isolates, 6 of which were obtained from M. 14 floribunda 821, one from 'Golden Delicious', and one from 'Nova Easygro'. In case of M. 15 floribunda 821, the total 6 samples were collected from 3 different trees by sampling more 16 than one region on two of the trees. In addition, two European isolates, EU-NL24 and EU-17 B05, and one U.S. isolate VI-1797-9 from Purdue were also used to extract DNA (Table 1) . 18
Cultures were grown on potato dextrose agar for four weeks. No more than 0.2g wet mycelia 19 was cut and cleared from the agar by a sterile scalpel. Samples were ground in Eppendorf 20 tubes with a disposable homogenizer pestle under liquid nitrogen. DNA was isolated with the 21 Wizard Genomic DNA Purification Kit (Promega) as described by Singh and Khan (2019) . 22
The quality of DNA was checked using agarose gel (1%) electrophoresis and quantified with 23 Nanodrop TM and UV-Vis Spectrophotometer (Thermo Fisher Scientific, USA). plugin. The raw variants were processed through "hard filtering" criteria as per GATK best 23 practices. The resulting variants were used for base recalibration to remove false positives. 24 
11
The variant dataset was separated into single nucleotide polymorphisms (SNPs) and 1 insertions/deletions (INDELs). 2 3
Genetic diversity and population structure analysis 4
Genetic diversity and population genetic analysis was conducted with SNP data only. The 5
SNPs were filtered using minimum read depth criteria of four. Furthermore, we kept SNPs 6 with no missing data even in a single sample. Remaining high-quality SNPs were used to 7 calculate the genome-wide statistics of diversity, population structure and selection indices in 
Apple scab infection in the orchard and under controlled conditions 2
In the beginning of June, scab symptoms were observed on M. floribunda 821 in the orchard 3 at Darrow Farm, Geneva, NY, USA on each of the four replicated trees. The initial sparse 4 symptoms spread to approximately 10% (incidence grade 4) of the leaves later in July and 5
August ( Table 2 ). The heavy infection resulted in abundant sporulation (class 4), which often 6 covered the whole leaf surface area (Figure 1 ). Chlorosis and pin point pit type resistance 7 reactions typical to the Rvi6 and Rvi7 genes, respectively, which are hypothetically the result 8 of the large amount of inoculum from avirulent strains, were also frequent on the leaves. 
Genomic diversity in the Venturia inaequalis isolates 5
To understand the genetic diversity, population structure and admixture, we sequenced and 6 analyzed the 11 V. inaequalis genomes in this study ( Table 1) . A total of 34.5 million raw 7 sequencing reads were obtained, out of which 0.38% low quality reads were discarded for 8 further analysis (Table 3 ). The filtered sequence data constitutes about 3.1 million average 9 reads per sample, and provided 9.2X coverage of the V. inaequalis genome in NCBI. The read 10 alignment rate against the V. inaequalis genome varied from 97.7% to 99.2%, with an average 11 of 98.7% (Table 3) . resistance when paired with Rvi6. However, we observed continued resistance to scab among 20 many Rvi6 cultivars that are not known to carry Rvi1, meanwhile slight sporulation was 21 observed on 'Prima' carrying Rvi1 alongside Rvi6 ( Table 2) isolates makes them less likely to be clonal variants. Interbreeding between Rvi6 virulent and 7 non-virulent isolates has already been documented in mixed orchards (Michalecka et al. 8 2018) . Even though our isolates were collected within an unsprayed experimental orchard 9 comprised of several cultivars, genetic dissimilarity detected between the groups suggests that 10 intense hybridization has not yet occurred between the M. floribunda 821 virulent and 11 avirulent isolates studied here. 
